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Banding tape and methods of using the sane. 

5 WELD OF THE INVENTION 

This invention relates to a banding system, banding tape and methods of 
using the same. 

BACKGROIWD OF THE INVENTION 

"> There « hems of commerce th.t are bumiled together for shipment 

"d sale, vegetables (such a. hroc«,i. ^ onion, carrots. cel«y. etc.). flower, 
straws, pen, pencils. «rf newspaper. „, b„, . fe^ of ^ ^ ^^^^ ^ 

s.»d ,0 provide the consumer wi.hacon«ni«,„u.^^ofagiv«, item. Tlte 
bundles must remain ,ecu„ during shipmem and h«,dli„g «, they may be re^lily 
unloaded into sto«s and displayed for sale. The bundles must also remain secure to 
enable the store owner to place a price Ug on the bundle. 

In some cases, the bundles ate provided with a label indicting infonmtion 
«.ch«pricing. «. typeofitem. ««h.ess data, name of v««lor or grower 
The label may comprise a bar code (such a, a UPC code) that may be read by 
scanner, a, checlc^utst^Kls. When «.e bundles are package, for example, in 
bags, -ben the label is conveniently affixed tothe packaging However, in some 

.be pacl^ging does not allow fcr cost^ffecive and convenient labeling For 
sample, green onion, asparagus and broccoli are typically „ot labeled since the 
pao .g.ng for these vegetables typically comprises a n,bb.r band which is not easily 

. •'^'■'■''-'■"'beesp^.llyadv^nag.oustoprovidesuchinfonna.iononu^ 
secunng mechanism itself, thereby obviating the need to separately label each 

bundle. 

°"'"">"°^"-''"»™^""-««'yp«ofitemsisbyusingn.bberb«,d. 
Rubber bands have the ability to stitch and recover. the«by «,.r.ing a 
impressive force on the bundle. TOs fotce prevents ^ items fiom slipping 
sb.ftmg or commg loose. T1,e n.bber band must, however, be property sized to 
accommodate a given bundle If the n*b.r band is too small. H may cn,sh m 
d^mge the items in the bundle, raddng then, aesth«ic.lly unappealing and 
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unacceptable to the consumer. Additionally, in the case of perishable items, 
crushing makes them prone to rotting. If the rubber band is too large, it may have 
to be wrapped around a bundle several times. This procedure is time-consuming 
and labor intensive; however, if not done, the rubber band may not adequately 
5 secure the items an a bundle. In the specific case of bundling vegetables, a grower 
may be required to keep an inventory of ™bber bands to accommodate a variety of 
bundle sizes. This is inconvenient for the grower and requires close monitoring of 
the inventory of rubber bands of different sizes. Another disadvantage of using 
rubber bands is that they are typically applied manually. This is a very time- 

10 consuming and labor-intensive procedure, especially for a commerdal vegetable 
grower with high produce yields. Furthermore, once vegetables are bundled, 
separate labels must oftesi be applied to provide information about the produce 
since the rubber bands cannot accommodate such information themselves. 

Another way to band or bundle foodstuffs is by using a stretchable wrapping 

13 material commonly referred to as "clingwrap". These materials are typically 

stretch-wrapped around a bundle several times to secure the bundle. Ejcamples of 
stretchable wrapping materials and thar uses mssy be found in US- A-5 147708 
(Brant et al.); US-A-5 114763 (Brant et al.); gindUS-A-5 154981 (Brant et al.); US- 
A-5 173343 (Arvedson et ai.); US-A-5208096 (Dohrer); and US-A -4,820,589 

20 (Dobreski). These materials tend to have Sow self-adhesion, thereby requiring large 
overlapping areas to remain intact around a bundle of articles. As a consequence, 
large quantities of material are needed to overwrap each bundle. 

Another way to band or bundle itenis is by using a tape. Numerous 
references disclose such tapes, a sampling of which is described hereinafter. 

25 JP Kokoku No. Hei l(1989)-5-351 describes a self-adhesive binding tape 

comprising a pressure sensitive adhesive (PSA). This reference reports that the 
adhesion between the self-adhesive binding tape and the surface of the binding 
object is low, while the adhesion between two adhesive surfaces of the binding tape 
is high. The self-adhesive binding tape is stated to be useful for binding fresh 

30 vegetables, flowers, papers, newspapers, magazines and the like. 
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GB-A-2057916 and GB-A-2058610 (both to Ono et al.) describe a PSA 
tape comprising a substrate canning a PSA that will bond finnly to itself 
substantially without creep, but will bond with a peslable bond to articles such as 
flowers or vegetables. The articles may be packaged by wrapping the tape around 
5 the articles and pressing together two adhesive-bearing surfaces of the tape to form 
permanent bonds. The tss^ slightly bonds with the articles to hold the articles an 
place, but may be peeled the arttdes without inflicting damage thereto. 

Other tapes m& known for general bonding applications. Numerous 
references disclose such tapes, a dimpling of which is described hereinafter. 

w US-A-40243 12 (Korpmsn) describes a highly conformable adhesive tape 

comprising a highly extensible and elastic backing Sim having a layer of pressure 
sensitive adhesive coated thereon. The refeinence states that the tape may normally 
be easily removed from an q)plication suinSice by stretching it in a direction parallel 
to the plane of the surHace. 

15 WO 92/1 1332 (Kireckel et al.) describes a removable pressure sensitive 

adhesive (PSA) tape comprising a highly ejctensible backing bearing a layer of a 
photopolymerized acs^c PSA. The backing may be in the form of a single or 
multilayer film, nonwoven film, porous film, foam-like fihn, and combinations 
thereof The backing may also be recoverable, preferably having a percent recovery 

20 greater than 75. The PSA tape finmly bonds to a substrate, but may be removed 
upon being stretched at an angle no greater than about 35* from the surface of the 
• substrate. The reference further reports that the PSA tape may be removed from a 
substrate without leaving discernible adhesive residue on the substrate. 

US-A-4977003 (Brown et si.) describes an adhesive tape comprising a 

25 nontacky adheave layer enable of foramng strong bonds to many substrates under 
moderate pressure. The tape is initially repositionable to substrates of polyvinyl 
chloride, polycarbonate, polystyrene, corona-treated polyester, acrylate, vinyl 
chloride-vinyl acetate copolymer or shellac, the strength of the bond increasing in a 
short time after appUcadon. 

30 PCT Patent Application WO 94/21,742 (Kobe et al.) describes a nontacky 

contact-responsive &stener system that can be repeatedly closed and opened. 
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Prefen-ed polj^ers for me ss the cont&ct^respomive layer mctude but&diene- 
acrylonitrile (BACN) polymers, butadiene-acrylonitrile-isoprene (B ACNI) 
polymers, ureth&ne &cryl&te polymers, butyl rubber polymers, two-part urethane 
polymers, styreffie-isoprene-styrene block copolymers and styrene-butadiene-styrene 
5 polymers. 

US-A-5354597 (Cs^ik et al.) describes a microte?ctured elastomeric 
lanunate tape comprising a laminate with at least one elastomeric layer and at least 
one thin stein layer and an adhesive layer, preferably prepared by coextmsion of the 
layers followed by sirt^ching the laminate past the elastic limit of the skin layers and 

10 then allowing the laminate tape to recover. The tape is stated to be particularly 
useM in garment applications. 

A drawback with some adhesive tapes is that they have a tendency to leave 
an adhesive residue on the bundled article. This would be especially undesirable in 
the situation where the bundled article comprises vegetables. Another drawback 

15 with some adhesive tapes is that they Mi to property secure a bundle due to the lack 
of su^dent tension on the bundle. In giddition, o^kentimes the bundle increases or 
decreases in size and the tape is not @ble to accommodate the new diameter. For 
eTcample, v^en the bundle comprises perishable vegetables, it may shrink due to loss 
of moisture. Another drawback with some adhesive tapes is that they have a 

20 tendency to become contaminated with dirt or dust which could result in diminished 
adhesion and transfer of the contaminants to the bundled article. Still another 
drawback with some adhesive tapes is that a separate label is usually required to 
provide information about the bundle. 

Although rubber bands, stretchable wrapping materials and adhesive tapes 

25 have been useftil to bundle articles, there are limitations associated with each. Thus, 
there is a need for an improved banding system. More specifically, there is a need 
for a banding system which can easily accommodate a variety of bundle sizes with 
minimal quantity and labor requirements, can form strong to permanent bonds, has 
the properties of stretch and recovery to effectively secure articles despite any 

30 changes in bundle size and can accept indicia to provide information about the 
bundle. Preferably, the banding system is comprised of materials that comply with 
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the Food and Drug Administration relations for materials in contact with food 
and does not contaminate the bundled article. 



SUMMARY OF THE INVENTION 
5 The present invention provides a banding system for securing a bundle of 

one or more objects in compression, the ^em comprising: 

(a) a first strip of an elastic polymeric material, the material having at 
least a 50% recovery after bang elongated to 100% of its original 
length and 

10 (b) a second strip of material, 

wherein the first and second strips are capable of being bonded together and fiirther 
v^erein both of said strips do not comprise an elastic pofymcric material bearing a 
layer of a normally tacky pressure senative adhesive thereon. 

The elastic polymeric material has the properties of stretch and recovery 

15 which enable the provision of secure bundles of articles. The elastic polymeric 
material may be stretched around a bundle or object and bonded to a second strip. 
When released, the elastic material at least partially recovers, thereby exerting a 
compressive force on the bundle or object which keeps it intact. The elastic 
material is able to accommodate any changes in the diameter of the bundle which 

20 may be caused, for example, by moisture uptake or loss in the bundled article. The 
second strip to which the elastic strip may be bonded may be any of a variety of 
materials, including nonelasUc, elastic, rigid and flexible materials. Preferably, the 
second strip is elastic and has a percent recovery of at least 50% when elongated to 
100% of its original length. 

23 In addition, either strip may be capable of accepting indicia including 

ialphanumerics and bar codmg. The mdicia may provide usefiil information about 
the bundled article such as pricing, quantity, type of article, vendor, and the like. 
The provision of bar coding is especially useful in providing information that can be 
read by bar code scanners commonly used in many stores. It has been found that an 

30 elastic polymeric material may be provided with a bar code as long as the 
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proportions of the bar code are preserved upon stretch and &t least partial recovery 
of the material. 

When the first and second strips of the banding system are thermoplastic, 
they may be bonded together by fiision. In general, fusion occurs when sufficient 

3 energy is applied to one or both ^bstrates to cause ot les^ one of the substrates to 
become molten so that the two substrates are bonded together upon contact, 
application of sufficient pressure, and cooling of the molten substrate(s). There are 
two types of fusion, indirect ^d direct. Indirect fusion occurs when two substrates 
are brought together to form an interface, and sufficient energy is provided at the 

10 inteirface to cause bond formation. Direct fusion occurs when the substrates are 
brought together after the application of energy to each substrate. Several methods 
are known for providing energy to u substrate for fusion bonding including, for 
example, heat sealing, ultrasonic welding, vibration welding, and spin welding. 
Alternatively, a joining layer (such as, for emnple, an adhesive) may be 

15 applied to either or both of the strips. For €?cample, the joining layer may be applied 
to both strips so that when they are brought together, a bond is formed. 
Alternatively, the joining layer may be s^jplied to the first or second strip alone. The 
joining layer may be a normally tacky pressure sen^ve adhesive, preferably one 
that does not leave adhesive residue on the bundled article, or a nontacky layer 

20 such as a contact^responsive polymer layer or a fusible layer. The term "nontacky^' 
means that the layer has essentially no initial surface tack to paper . The term 
"contact-responsive" m^s that the polymer layer can adhere quickly to itself or a 
property selected substrate upon contact or the application of light to moderate 
pressure. 

25 Nontacky, contact responsive polymer layers (especially those comprising 

B ACN or B ACNI) are more readily able to bond to materials having similar 
solubility parameters. When the solubility parameters of the nontacky, contact^ 
:^^mmv^ polymer layer and mateaial of the strip to vMch it is applied are 
-v^&ffidently dose, the degree of interaction between these imaterials is enhanced and 

30 -bmd fomation is promoted. For further discussion of this and related bonding 
mechanisms, see the Handbook of Adhesives (Skeist, 3rd Edition, Van Nostrand 



6 



10 



wo 96/24535 PCT/US95/IS081 

Reinhold. New York. 1990, pages 1 1-15 and 573-578) and the Encvdon«ii«. nf 
Pglvmgr Sgjgncg (Volume 1, John Wiley & Sons. New York. 1985, pages 51 1- 
515). 

Another type of nontacky layer is a fusible layer. A fusible layer may be 
5 activated by heat to an at least partiaUy molten state. When such a mohen fusible 
layer is sandwiched between two strips of material and allowed to cool, a bond 
forms between the strips. Suitable fusible layers include, for example, hot melt 
thermoplastic adhesives. The fusible layer may be appUed to one strip, cooled and 
later reactivated when the two strips are to be bonded. Alternatively, the fusible 
layer may be inserted or applied between the two strips as a separate component 
before or after the application of heat. 

Optionally, a tie layer is applied between the joining layer and the strip to 
improve the adhesion of the joining layer to the strip. A cover layer may also be 
optionally provided to protect the joining layer until it is used. Preferably, the cover 
layer comprises a release layer that is releasably adhered to the joining layer. 

The present invention also provides an elastic banding tape comprising a 
strip of an elastic polymeric described above and a nontacky Uyer on at least a 
portion of one of said surfaces. The nontacky layer may comprise a contact- 
responsive layer or fusible layer such as those mentioned for the banding system of 
the invention. The tape may be flat, comprising inner and outer surfaces that are 
parallel to each other. The tape may also be provided to have a wide variety of 
cross-sectional shapes such as circular, oval, rectangular, triangular, etc. 

The present invention also provides methods of using the banding system or 
elastic banding tape of tiie invention to secure a bundle of one or more objects in 
25 compression, comprising the steps of 

(a) providing the novel banding system or novel elastic banding upe; 

(b) collecting one or more objects together, 

(c) wrapping and stretching the banding system or elastic banding tape 
around tiie object(s) so Mat the elastic polymeric material is in a 
stretched condition; 
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(d) securing the banding system or elastic banding tape while the elastic 
polymeric material is in a stretched condition; and 

(e) allowing the elastic polymeric material to at least partially recover 
and exert a compressive force on the object(s) which secures and 

5 holds the bundle together. 

The method may additionally comprise the steps of applying two surfaces of either 
the banding system or elastic banding tape together to form an interface and 
applying sufficient energy to the interface to form a bond. Energy may be provided, 
for example, by application of heat, ultrasonics, pressure or microwave energy. The 

10 method may additionally comprise the step of providing indida on either the 

banding system or elastic banding tape. For example, a bar code may be printed on 
the elastic polymeric material in such a manner that upon stretching and at least 
partial recovery, the proportion and clarity of the bar code remains readable by a 
scanner. 

15 The present invention further provides a bundle held in place by a 

compressive force. The objects are secured into the bundle by either the banding 

system or banding tape of the present invention. 

Furthermore, the present invention provides an elastic banding tape for 

securing one or more objects in compression comprising a strip of an elastic 
20 polymeric material as described above and a bar code on at least a portion of the 

strip. A joining layer (such as those described above) may also be provided on one 

of the surfaces. 

Although the banding system, banding tape and methods of using the same 
are particulariy useful in banding or bundling vegetables, they may be used to band 
25 or bundle other articles such as perishable objects, straws, flowers, pens, and the 
like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The articles of the invention are illustrated in the accompanying drawings in 
30 which like reference numerals refer to the same elements. 
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Figure 1 is a side view of one embodiment of an elastic banding tape of the 
invention. 

Figure 2 is a side view of the elastic banding tape of Figure 1 with a cover 

iayer. 

5 Figure 3 is a side view of another embodiment of an elastic banding tape of 

the invention comprising a tie layer and cover l^qrcr. 

Figure 4 is a «de view of one embodiment of the banding system of the 
invention comprising two strips in aligned contacting relation with one another. 

Figure 5 is a side view of another embodiment of the banding system of the 
10 invention comprising two strips in aligned contacting relation with one another. 

Figure 6 is an explanatory schematic view showing the use of the elastic 
banding tape of Figure 1 to band a bunch of vegetables wherein the tape is bonded 
to form a fin seal. 

Figure 7 is an explanatory schematic view showing another use of the elastic 
15 banding tape of Figure 1 to band a bunch of vegetables wherein the tape is bonded 
to form an overlapping seal. 

Figure 8 is another explanatory schematic view showing the elastic banding 
tape of Figure 1 to band a bunch of vegetables. The two banding tapes arc bonded 
together to form two fin seals, one on each side of the bunch of vegetables. 
20 Figure 9 is an explanatoiy schematic view showing the use of one 

embodiment of the banding system of Figure 5 to band a bunch of vegetables. The 
banding system is bonded together to form two overiapping seals. 

DETAILED DESOUPTION OF THE INVENTION 
25 The present invention will be further understood with reference to the 

accompanying figures which are provided to illustrate various embodiments of the 

invention. The figures are not an exhaustive representation of the invention. 

Figure 1 shows an elastic banding tape 10 comprising a nontacky joining 

layer 12 coated on strip 14 of an elastic polymeric material. The nontacky layer 
30 may comprise a contact-responsive or fiisible layer. 
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Figure 2 shows m ekstic bs^iding tape 20 having s cover layer 24, such as a 
removsible liner, removably adhered to surface 12a of the nontacky layer 12 to 
produce, for ejcample, a dispensable tape. The cover layer 24 is adhered to surface 
12a of the nontacky layer 12 with su^dent force to prevent unintentional removal 

5 before or during tape dispensing, thereby pemutting use of the tape without 
contamination or premature bonding of the nontactcy joming layer 12. 

Figure 3 shows an elastic banding tape 30 having a tie layer 32 interposed 
between nontacky joining layer 12 and strip 14. 

Figure 4 shows a banding system 40 compri^g two strips 43 and 43' in 

10 aligned contacting relation. The first strip 43 comprises elastic polymeric material 
14 having an optiosid tie layer 32 and nontacky joining layer 12 applied thereto. 
The second strip 43' comprises elastic polymeric material 14' having an optional tie 
layer 32' and nontacky joining layer 12' applied thereto. Strips 43 and 43' may be 
provided with an optional cover layer (not shown) that would be removed before 

13 strips 43 and 43' are brought into contact as shown. Although not shown, it is also 
within the scope of the invention to eliminate one of the nontacky joining layers 12 
and 12' and substitute the remaining nontacky joining layers 12 or 12' with a 
normally tacky pressure sensitive adhesive. It is also within the scope of the 
invention to substitute a nonelastic material for one of the elastic polymeric 

20 materials 14 or 14', and in this case, both of the nontacky joining layers 12 and 12' 
may be substituted with normally tacky pressure sen^tive adhesives. A tie layer 
may also be interposed between the elastic polymeric material 14 and nontacky 
joining layer 12. 

Figure 5 shows a banding system 50 comprising a first strip 10 comprising 
25 elastic polymer material 14 having a nontacky joining layer 12 applied thereto in 
aligned contacting relation with strip 52. Strip 52 comprises material 54 which may 
be any suitable material (elastic or nonelastic) that is capable of bonding to strip 10. 
Although not shown, strip 52 may be provided v^nth a joining layer. Nontacky 
joining layer 12 may also be substituted with a nonnally tacky pressure sensitive 
30 adhesive. Strip 10 could be provided with cover layer 24 (not shown) that would 
be removed before the strips contact each other. 
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Figure 6 shows s bundle 60 comprising a bunch of green onions secured 
using the elastic banding tape 10 of Figure 1. The ends of the elastic banding tape 
10 of the invention were brought together such that the nontaclcy joining layer 12 
was bonded to itself using moderate pressure to create a band around the onions. 
3 The bond fomied may bs described as 1 fin seal. When such a seal configuration is 
employed, the t&pe may be describsd as fijnctioning in the peel mode. 

Figure 7 shows a bundle 70 comprising green onions secured using the 
elastic banding tape 10 of Figure 1. The ends of a banding tape 10 of the invention 
were brought together in overlapping alignment so that the nontacky joining layer 
10 12 contacted the dastic polymeric material 14 and, under moderate pressure, were 
bonded to each other to create a band around the onions. When the nontaclcy 
joining layer comprises a nontacky, contact-responsive polymer layer, strip 14 
preferably comprises a material that has a solubUity parameter that is sufficiently 
close to the solubility parameter of the nontacky, contact-responsive layer to 
15 enhance bond formation therebetween. The advantage of ovcriapping alignment is 
that the bonded area is in a shear mode, and the bond strength of the tape is 
typically greater in the shear mode than in the peel mode. 

Not shown is an alternate banding configuration wherein a twist is 
introduced into the banding tape so that the nontacky layers of the two ends of the 
20 tape are able to be ov^lapped in a shear mode to form a bond. 

Figure 8 shows a bundle 80 comprising green onions secured using two 
banding tapes 10. The nontacky joming layers 12 of two pieces of tape of the 
invention were brought together at points approjcimately 1 80' &om each other and 
under moderate pressure, were bonded to each other to create a band with two fin 
23 seals around the onions. 

Figure 9 shows a bundle 90 of green onions secured using the banding 
system of Figure 5. The nontacky joining layer of strip 10 and strip 52 were brought 
together in overiapping alignment and under moderate pressure, were bonded to 
each other to create a band around the onions. Strip 52 was provided with indicia. 
30 Strip 1 0 could also be provided with indicia. 
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ISLASTHC IPOLYMiamC MATISMAL 

The first strip of the b&nding system of the invention comprises an elastic 
polymeric nmerial. The d&sttc biding tspe of the invention also comprises an 
elastic polymeric msiterial. The elastic polymeric material of the banding system and 
3 banding tape of the present invention may be pirepared from any suitable material as 
long as the material has percent recovery of about 30 to ^out 1G0% when 
measured according to the test method described below for Percent Recovery. In 
^s test, the strip is elongated 100 % of its original length, held under tension for 2 
minutes and then allowed to relax for 2 minutes prior to the determination of 

10 Percent Recovery. The ability to recover after bdng stretched is an important 
property of the elastic polymeric material. This property allows the elastic strip to 
e?cert a compressive force on the banded articles and prevent them from shifting 
and eliminates the need for a PSA in direct contact with the banded article. The 
recoverable nature of the strip also allows it to accommodate variations in the 

13 diameter of the bundled articles. For example, when the banded article comprises 
vegetables, the vegetables oftentimes shrink or expand due to loss of moisture or 
moisture-uptake. 

It is preferred that the elastic polymeric material have a percent recovery 
from about 65% to about 100%, and more preferably from about 80% to about 

20 100%, when elongated to 100% of its original length. The elastic polymeric 
material is also preferably flejdble, that is, capable of being bent to a radius of O.S 
cm without breaking. A flexible material is desirable so that the tape can conform 
to the articles and thus hold the bundle tightly. The elastic polymeric material can 
be in the form of a ^gle layer or multiple layers. Polymers which may be used to 

25 prepare the elastic material include linear low density polyethylene; ultra low density 
polyethylene; low density polyethylene; polyurethane; polyolefin copolymers such as 
polyethylene/polypropylene and polyethylene/polybutylene; thermoplastic rubber 
such as ABA block copolymers; plasticized polyvinyl chloride; blends of vinyl 
acetate and elastomers; and combinations thereof Mixtures or blends of any plastic 

30 or plastic and elastic materials such as polypropjdene/polyethylene, 

polyurethane/polyolefin, polyurethane/polycaitonate, polyurethane/polyester, can 
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also be used. Laminate materials such as those described in U.S. Patent 5,354,597 
(Capik et al.) may also be used as she elastic polymeric material as long as they have 
s percent recoveiy of at least 50% when elongated by 100%. Such materials may 
require pre-stretching to achieve the desired level of elasticity. Preferred materials 
3 are theirmoplastac irubbers such as Kirston™ G2712X and Kraton'*^ G-7705, both 
commcrcHally available l&om Shell Chemical Co., Houston, TX; low density 
polyethylene (LDPE) such as Petrothene™ NA 964-085 and Petrothene™ NA 960 
Series, all commercially available &om Quantum Chemical Corp., Cincinnati, Ohio; 
ultra low density polyethylene (ULDPE); low density polyethylene (LDPE) such as 
10 Polyethylene 2503. 1 , commerdally available from Dow Chemical Co., Midland, M; 
and blends thereof These materials are preferred because they typically have a 
percent recovery of at least 65 when tested according to the procedure described 
bdow for Percent Recovery, are flejdble and low cost. When the banding tape or 
banding system comprises an elastic material and a nontacky, contact-responsive 
15 joining layer, suitable materials for the layers may be selected on the basis of the 
similarity of their solubility parameters. However, if the soIubiUty parameters are 
dissimilar, a tie layer may be employed between the joining layer and the elastic 
snaterial. When the banding tape or system is to be fiasion bonded, the elastic 
polymeric material preferably comprises a thermoplastic material such as 
polyethylene, poly(viny8 drioride), ethylene-carboxyUc acid copolymer, polyolefin, 
polyurethane, or ©thylene vwyl acetate material. 

The strip of elastic material can be made using any of the several methods of 
film forming known in the art such as, extrusion, coextmsion. solvent casting, and 
the like. It can be any thickness so long as it possesses sufScient integrity to be 
25 proces^le and handleable. Typical thickness ranges are from about 0.0127 mm 
(0.0005 in) to about 1.27 mm (0.05 an), preferably from about 0.0127 mm (0.0005 
in) to about 0.635 mm (0.025 in), more preferably from about 0.0127 mm ( 0.0005 
in) to about 0.127 mm ( 0.005 in), and most preferably from about 0.0127 ram 
(0.0005 in) to about 0.05 1 mm ( 0.002 in). A thinner strip is preferred for cost 
30 reasons, but it must be thick enough to provide adequate tensile strength for a 

particular application and processing method. For example, when the banding tape 
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or banding system ss processed using production equipment or applied using 
applicntion equipment, the strip should be able to withstand the tension produced in 
either case without tearing. The thickness of the strip must also be considered as it 
relates to the recoveiry force ejcerted by the material upon being stretched. The 
5 recovery force as the force exerted by m elongated strip of material to return to its 
natural state. ThePeakLoadtest provided bdow is a measurement of the 
maximum recovery force ejchibited by a strip of material elongated to 100% of its 
original state. In general, the recove?y force increases relative to the thickness of 
the material. As a result, the thickness of the material xmy be selected to provide an 

10 appropriate level of recovery force. When, for ejsample «he banding tape or system 
is applied in such a way to form a fin seal such as illustrated b Figure 6 (i.e., a peel 
mode application), it is desirable that the recovery force remaining upon bond 
formation and partial recovery of the elastic material be low to prevent failure of the 
bond in the peel mode of the tape but high enough to hold the articles in a bundle. 

15 More specifically, it is preferred that the remaining recovexy force be less than the 
recovery force measured at 50% elongation. High remaimng recovery forces exert 
a creep force on the tape bonded area which pronM)tes bond feilure. When the tape 
is used in a peel mode application, recovery forces for a 2.54 cm (1 in) wide strip 
are preferably less than 0.9 kg (2 lbs.), more preferably less than 0.45 kg (1 lb.) , 

20 still more preferably less than 0.23 kg (0.5 lb.). When the tape is applied in such a 
way as to form an overiapping seal (i.e., a shear mode application), recovery forces 
are no longer as critical. 

The recovery force appears to be directly proportional to the thickness of 
the strip for at least some materials. Table A supports this observation for a 

25 material made from Petrothene™ NA 964-085 with 4% by weight Remafin™ Blue 
AEW U-1 8. The Peak Load, a measurement of the recovery force exerted by a 
material upon being elongated 100% from its origirud state, was measured for three 
different thicknesses of this material using the test method given below. The data 
show that the Peak Load per unit length increased proportionately with the material 

30 thickness, so that the Peak Load per unit area remained relatively constant. Thus, a 
suitable material thickness may be selected to provide a recovery force that is 
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appropriate for & particular applicadon. Preferably, the recovery force of the strip 
of elastic polymeric material is less than the strength of any bond formed to prevent 
feilure in the peel mode. 



TABLE A 
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Material Thickness 
mm (in) 


Peak Load 
kg/cm (Ib/in) 


Peak Load /Thickness 
kg/cm^ (Ib/in^) 


0.0729 (0.00287)^ 


0.58 (3.2) 


172.8 (1114.9) 


0.095 (0.00374) 


0.83 (4.6) 
1.00(5.6) 


190.6 (1229.9) 


0.121 (0.00478) 


181.6(1172) 



The elastic polymeric material may contain additional ingredients including 
colorants, pigments, dyes, antiojddants, fiUers, particulates and the like. Examples 
of colorants include Remafin'^ Blue AEW U-1 8 (commercially available from 
10 Resco Colors, a subadiary of Hoechst Canada Inc., Mississauga, Ontario) and 
#16180 Dark Blue Color Concentrate (commercially available from Ampacet. 
Tanytown, NY). Examples of antioxidants include Irganox™ 1520 and Irganox^^ 
1010 (both commercially available from Ciba Geigy). Examples of fillers include 
calcium carbonate, caiton black, glass beads, short fibers such as glass or nylon, 
silica, magnesium oxide, and talc. The incorporation of a ^er tends to reduce the 
elasticity of the strip. Examples of particulates include conductive particulates such 
as thermally conductive and microwave susceptors. These additional ingredients 
can be present in the elastic polymeric material in an amount such that they do not 
substantially affect the bond perfonnance and elastic properties of the novel banding 
tape and system. When used, antioxidants ar^ typically present in an amount less 
than 2 parts by weight; fiUers are typically present in an amount of from about 0.001 
to about 20 parts by weight; and colorants are present in an amount of about 0.001 
parts to about 10 parts by weight, each based on 100 parts by weight of the total 
elastic polymeric material. 

It is also preferable that the elastic polymeric material be capable of 
accepting printed indicia such as a bar code and alphanumerics to provide 
information such as pricing, freshness date, manufacturing date, name of suppUer 
and the like; although, such information may also be provided on the second strip. 

15 
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When the elastic polymeric materisl is printed! with & bar code, then it is important 
that the relative bar code proportions be preserved upon stretching and at least 
partial recovery of the material so that the bar code remains readable by a scanner. 
In genera], when the strip stretches and recovers uniformly, the bar code will remain 
s readable. 

SECOBJB STIMIP 

The second strip (or target strip) of the banding system of the invention may 
comprise any onaterial that is capable of bonding to the first strip. The second strip 

10 may be elastic or nonelastic. Preferably, it is elastic, having at least a 50% recovery 
upon being elongated to 100% of its natural state. It may also be rigid or flexible. 
Preferably, the second strip is iexible, that is, capable of bdng bent to a radius of 
0.5 cm vrithout bresldng. It is also preferable that the second strip be capable of 
accepting indicia such as a bar coding and alphanumerics, especially when the first 

13 strip comprises & microtestuned elastic polymeric material. Bar codes are especially 
usefiil for prepackaged, prepriced bundles. When the second strip comprises an 
elastic material priated with a bar code, then it is again important that the relative 
bar code proportions be preserved upon stretching and at least partial recovery of 
the strip so that the bar code remains readable by a scanner. In addition, the second 

20 strip may also comprise time/temperature indicators to pro^de a means, for 

example, to monitor i&eshness of food items. Materials suitable for use as a second 
strip include those described above for the elastic polymeric material. Useftil 
materials for the second strip include acsylonitrile-butadiene-styrene copolymers, 
polyester, polymethylmethacrylate, unplastidzed polyvinylchloride, polystyrene, 

25 polyurethane, acetate, biaxially oriented polypropylene, polycarbonate, and ri^d 
materials such as metal strips, ceramics, fiberglass, rigid polymeric materials, glass 
and the like. The second strip may comprise a single layer or a composite of two or 
more layers. The composite may comprise metallized layers, barrier layers, 
nonwoven material layers, polymer layers, paper layers, antistatic layers, primer 

30 layers, porous layers, foam layers, and the like. The layers may contain additives 
such as colorants; antioxidants; antistatic agents; fillers such as calcium carbonate, 
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carbon black, glass beads, polymeric and glass bubbles; short fibers comprising 
materials such as glass or nylon, silica, magnesium oxide, talc; particulates such as 
thermally conductive particulates and microwave susceptors; and tackiiying resins. 
The second strip may be made, for ejsample. using hot melt extrusion, foaming, and 
5 nonwoven technologies. 



0 



5 



JOMWG LA WTI^ 

The elastic banding system of the invention may comprise a joining layer 
such as a nontacky layer fmduding a contact-responsive polymer layer and fusible 
layer) or a normally tacky pressure sensitive adhesive layer. The term nontacky 
means that the layer lhas essentially no initiai surface tack to paper as measured by 
the PSTC-5 Quick Stick of Pressure Sensitive Tapes Test (also known as a Quick 
Tack Test in WO 94/21.742). Preferably, the nontacky layer is a contact-responsive 
polymer layer. Contact-responsive means that the polymer layer can bond quickly 
to itself or a properly selected substrate upon contact or the application of slight to 
moderate pressure. A properly selected substrate is one which has a solubiUty 
parameter sufficienUy close to that of the nontacky. contact-responsive polymer 
layer to enable formation of a bond therebetween. This is particularly usefiil when 
the nontacky, contact-responsive polymer layer comprises BACN or B ACM. 
Tlhe siioDJSaeEsy. soKtuct-m^osiove polymgr kyar is capable of fomiing 
Ipirefeffsbly ipOTasifoeat hm^ (ssp©da% §to m ejstendleS period of time. 
This bond becomes stronger more quickly when heat and pressure are applied. A 
strong bond is one that remains secure and may be defined as one that provides a T- 
Peel Strength or Dynamic Shear Strength Value that is equal to or exceeds the 
remaining recovery force of the strip of elastic polymeric material upon bond 
formation and at least partial recovery. Preferably, T-Pecl Strength values (as 
measured by the test method described hereinbelow) are at least 0.88 kN/m (5 
IbsAn). preferably at least 1.4 kN/m ( 8.0 IbsAn). more preferably at least 1 .75 kN/m 
(10 IbsTm), and most preferably at least 2.1 kN/m (12 IbsTm). Preferably, the 
Dynamic Shear Strength values (as measured by the test method described 
hereinbelow) are at least 172.25 kN/m* (25 lb/in*), more preferably at least 344.50 



17 



wo 96/24S3S 



PCTAJS9S/1S081 



kN/m* (50 lb/in"). A permanent bond may be defined as a bond that satisfies either 
of the following: 

(i) a bond that provides cohesive failure instead of failure of the 
joining layer at the bond interface of the two tapes or strips; 

5 or 

(ii) a bond that does not Ml prior to deformation or failure of the 
strip. 

Numerous polymeric materials may be used as the non-tacky, contact- 
responsive polymer layer, provided they are capable of fonning suflBciently strong 

10 bonds for a paittcular application. The polymeric material may be a homopolymer, 
a random copolymer, a block copolymer, or a graft copolymer. Specific examples 
of polymers useful as the non-tacky, contact-responsive polymer layer may include 
ethylene-containing copolymers, urethane polymers such as urethanes prepared by 
the reaction of an isocyanate and an isocyanate-reactive compound, acrylic and 

15 acrylate polymers, urethane-aciylate polymers, butyl polymer, butadiene- 

acrylonitrilc (B ACN) polymers and butadiene-aciylonitrile-isoprene (BACNI) 
polymers. Blends and mixtures of polymeric materials may be used if desired. 

Additional discussion regarding polymers and compositions useful as the 
non-tacky, contact-responsive polymer layer may be found in a number of 

20 publications. For example, European Patent Pub. No. EP 0443263 (Miller et al.) 
discloses tackified block copolymer materials; U.S. Patent No. 5,196,266 (Lu et al.) 
discloses urethane-aciylate materials; and U.S. Patent Nos. 5,114,763; 5, 141,809; 
5,141,981 and 5,147,708 each disclose polyethylene-containing polymers with 
tackifiers, ethylene-vinyl acetate and aciylates. 

25 Preferred polymers for use as the non-tad^, contact-responsive layer are 

sdected firom the group consisting of butadiene-aoylonitrile (hereinafter BACN) 
polymer? and butadiene-acr^onitrile-isoprene (hereinafter BACNI) polymers. 
Th^ polymers are described in US-A-4977003 issued December 1 1, 1990 to 
Brown et al. 

30 The preferred BACN and BACNI polymers typically have fi-om about 1 0% 

to about 50% by weight acrylonitrile units. Preferably, either polymer comprises 
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from sbout 20% by weight to about 40% by weight aciylonitrile units. When the 
amount of aoylonitrile units is below about 20 weight percent, the polymer layer 
may be too soft for applications requiring ve»y strong bonds. When the amount of 
aoylomtrile units is above about 40% by weight, the polymer layer may be rather 
5 firm, making it dearsble to apply in addition to pressor© during bonding. 
Additionaiiy, the BACNI polymer typically contains from about 2% to about 30% 
by weight isoprene units. Preferably, these polymers are essentially uncrosslinked. 

Either polymer (B ACN or BACNI) may be processed by solvent coating or 
hot melt e^stru^on. Hot melt esstrmaon is preferred because It obviates the need to 
10 use solvents during processing; aUows for direct coating of the nontacky, contact- 
responsive polymer layer directly onto the strip; and provides low material and 
processing costs. However, the temperatures used in hot melt processing B ACN 
and BACNI polymers, typically m the range of 160''C»182''C (320-360^), may 
cause crosslinking of the polymer to varying degrees. Also, lifee long®: sllie polymer 
is,^®pt at procesasng tempemturtss, the greater She mumm. of crosslinkSsjg that may 

™^ adversely ilSfect adhegiorj sts^gtfe Wdup of ttse 
aqp^ky, contact-responsiv© polymer layer. 

Examples of commercially available BACN polymers include Nipol"™ DN- 
401LL (which comprises 19 wt. % aciylonitrile and 81 wt. % butadiene and has a 
Mooney viscosity of 32-44), and Nipol™ DN-2I9 (which comprises 33 wt. % 
acffylonitrile and 67 wt. % butadiene and has a Mooney viscosity of 25=40), and 
Nipol™ DN-3335M (which comprises 33 wt. % aoylonitrile and 67 wt. % 
butadiene and has a Mooney viscoaSy of 3040), all commercially available from 
Zeon Chemicals, Louisville, Kentucky. 

Examples of commercially available BACNI polymers include Nipol™ DN- 
i201L (which comprises 35 wt. % aciylonitrile, 65 wt. % butadiene and isoprene. 
and has a Mooney viscosity of 40-52) and Nipol™ DN-1201 (which comprises 35 
wt. % aoylonitrile, 65 wt. % butadiene and isoprene and has a Mooney viscosity of 
72.5-82.5), both commercially available from Zeon Chemicals, Louisville, 
Kentucky. 
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A preferred polymer for use in the present invention is Nipol™ DN-3335M 
(which comprises 33 wt. % acrylonitrile and 67 wt. % butadiene and has a Mooney 
viscosity of 30-40). 

The nomaclcy, contact-responsive polymer layer may contain additional 
5 ingredients such as colorants; antistatic agents; antioxidants such as Jrganox™ 1 520 
and Irganox™ 1010 (both commerdally available from Ciba, Hawthorne, NY); 
fillers such as calcium carbonate, carbon black, glass beads, polymeric or glass 
bubbles, short fibers comprising materials such as glass or nylon, silica, magnesium 
oxide, and talc; particulates such as thermally conductive particulates and 

10 microwave susceptors; and tacldfying resins, preferably compatible with the 
nontacJcy, contact-responsive polymer layer. When the nontacky, contact- 
responsive polymer layer comprises BACN or BACNI, tackifying resins such as 
Escorez'*^ ECR 180 (commercially available from Exxon Chemical Americas. 
Houston, TX) and Staybelite™ Ester 3, 5, and 10 (commercially available from 

IS Hercules, Inc., Wilmington, DE) may be used. In general, the use of a filler tends to 
reduce the peel strength of the polymer layer to articles which the polymer layer 
may accidentally brush against or incidentally contact. The use of a tackifying resin 
tends to increase peel strength of the polymer layer to itself or other substrates. 
Such additional ingredients can be present in the nontacky, contact-responsive 

20 polymer layer of the novel tape in an amount such that they do not substantially 
affect the nontacky and elastic properties of the novel banding system of the 
mvention. When used, antioxidant is typically present in an amount less than 2 parts 
by weight; filler is typically present in an amount of about 0.01 to about 20 parts by 
weight; and tackifying resin is typically present in an amount up to about 50 parts 

25 by weight, each per 1 00 parts polymer. 

In addition to a nontacky, contact responsive polymer layer, other joining 
layers may be used to provide the banding system of the invention such as fiisible 
layers. Suitable fusible layers include adhesives that may be activated by heat, 
radiation or solvent. For example, hot melt thermoplastic adhesives comprising 

30 materials such as polyethylenes, polyolefins, ethylene-vinyl acetate copolymers, 
polyamides, polyesters, block copolymer rubbers, poly(vinyl butyral)s, poly(vinyl 



20 



wo 96/24333 PCT/ILIS9S/JS081 

chlorid@)s, and ethylene-csiboTsylic sdd copolymers may be used. The fiisible layer 
may be applied to one sirip, cooled and later reactivated when the two strips are to 
be bonded. Alternatively, the ilisibi© layer may be inserted or applied between the 
two strips as a separate component before or after the application of heat. For 
5 ejtample, a polyethylene powder may be applied to one strip, activated by heat, and 
then applied to the second strip. 

In addition, other joining layers such as pressure sensitive adhesives may be 
used to provide the banding system of the invention. Pressure sensitive adhesives 
are normally tacJsy at room temperature, and can typically be adhered to a surftce 
by application of light finger pressure. Such adhesives may be based on, for 
example, general compositions of polyscjylate, polyvinyl ether, natural rubber, 
isoprene, polychloroprene, butyl rubber, polyisobutylene, butadiene-acrylonitfile 
polymer, thermoplastic elastomer, styrene-butadiene polymer, poly-alpha-clefin, 
amorphous polyolefin, silicone, ©thylene-contsining copolymer (such as ethylene 
vinyl acetate, ethylene ethyl acxylate, ethylene n-butyl acyylate, and ethylene methj^ 
aoylate), polyurethane, polyamide, qmssy, polyesters, and mixtures and copolymers 
thereof The adhesive layer may also comprise, for example, tacldfiers, plasticizers, 
fillers, antioxidants, stabilizers, pigments, curatives, crosslinkers. solvents, and the 
like. Conductive particulates (such as thermally or electrically conductive particles) 
or microwave energy absorbent particles may also be added. 

Typically, these normally tacky pressure sensitive adhesives are not 
significantly detackified when applied to an elastic polymeric material and stretched 
to 100% or less of the natural state of the material!. 

Although one embodiment of the banding system of the present invention 
contemplates the use of a joining layer to enable the formation of bonds, other 
means may be used. For example, bonds may be formed without a joining layer by 
application of heat or ultrasonics or microwaves. In addition, mechanical fasteners 
such as staples may be used. The advantage of using a joining layer that bonds 
quickly to another substrate using pressure alone is that equipment (such as heating, 
dielectric bonding, microwave or ultrasonic equipment) is not required. 
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The nontacky layers (including contact-responsive polymer layers and 
fusible layers) described above for the banding system may also be used in the 
elastic banding tape of the invention. Preferably, the clastic banding tape comprises 
the preferred nontacky, contact-responuve polymer layer described above for the 
5 banding system. 

The thickness of the joining layer may vary over a wide range. Preferably, 
the thickness of the joining layer is within the range of from 0.025 to 10.2 mm 
(0.001 to 0.040 in); although, thicknesses outside this range may be useful for 
certain applications witlun the scope of the invention. The joining layer may be 

10 applied to the strip using a wide variety of different techniques, including those 
techniques that are well known in the art. For example, the joining layer may be 
applied by solvent coating, extrusion coating (eiUier simultaneously with the strip or 
separately), hot mdt coating, calendering, curtain coating, gravure or pattern 
coating, spray coating, hunination, pressure feed die coating, knife coating, and the 

15 like. Thejoining layer may be continuous such as a uniform layer. The joining 
layer may also be discontinuous and applied in discrete portions, pro\ading, for 
example, strips of polymer, bands, dots or otiier patterns of a joining layer. 
Furthermore, multiple layers of various joining layers may also be employed. 

The particular characteristics of thejoining layer may be selected to provide 

20 an appropriate level of bond formation and release characteristics for a particular 
application. 

OPTIONAL TIE LAYER 

The banding tape or system of the invention may optionally comprise a tie 

25 layer between the joining layer and the strip to which the joining layer is applied. 
The tie layer serves to promote adhesion between thejoining layer and strip. This 
layer may be a primer layer. Selection of the tie layer will be dependent on the 
particular strip material and the type of polymer layer. For example, when the 
joining layer is Nipol"^ DN-3335M and the strip comprises a low density 

30 polyethylene, a useful tie layer is a high tack pressure sensitive adhesive such as 

PTR Bostik H/M 9016 which is hotmeh coatable or Bostik™ Adhesive S-1 133-57B 
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Which is solvent coatable. both commercially available from Bostik, Inc.. Middleton. 
MA. 

Alternately, adhesion between the joining layer and a strip of material may 
be enhanced by chemical or mechanical treatment of the strip (such as by 
5 mechanical abrasion, corona treatment, or grafting of reactive monomers on the 
surfece of the strip); selecting a material that has a simflar solubility parameter to 
that of the joining layer, and by other methods well known to those skiUed in the 
art. The selection of a strip having a suitable solubility parameter is especially 
usefol in promoting adhesion when the joining layer comprises a nontacky. contact- 
responsive polymer, especially a BACN or BACNI polymer. 

OPTIONAT rnypi^ 

The tape of the invention may also include a cover layer removably adhered 
to the joining layer. The cover layer serves to protect the joining layer from 
contamination from dust or dirt and from undesirably bonding to various surfaces 
before appUcation to a bundle. A cover layer is also useful when the tape of the 
invention is provided in roU form, serving to «^anite the joining layer from the 
stnp. The cover Uyer may comprise any material that has pennanent release from 
the joining layer. For example, the cover layer may comprise a polyolefin. or a 
^bstrate having a low adhesion backsize (LAB) coating or a release coating on one 
of Its surfeces such as a silicone coated paper. 

Furtiier embodiments of the invention are found in the following examples 
which are meant to be iUustrative of the im^ention but non-limiting. In the 
examples, all parts are by weight unless otherwise noted. 

TEST METHODS 
The following test methods were used to measure the various test results 
reported in tiie examples. 
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PERCENT RECOVERY AND PEAK LOAD TEST 

This test was peifonned on the strip alone as well as the composite tape of 
the invention as shown in Figure 1. This test indicates the elastic response of the 
strip or tape. Elastic response is the ability of the sample to recover after being 
5 elongated. This test also measures the peak load the strip or tape is able to sustain 
after being elongated 100%. This is an indication of the internal strength of the 
strip and the composite tape. The test procedure was as follows: 

Samples were slit in the down w^ direction (as opposed from cross web) to 
a width of 1 .27 cm (1/2 in) and a length of 20 cm (8 in). Samples were marked in 

10 the middle with two lines that were 2.54 cm (I in) apart. The two lines were 

perpendicular to the lengthwise dimension of the sample. This distance was LI and 
denotes the "test area." Samples were tested using an Instron™ tensile tester 
(commercially available from Instron Corp., Canton, MA.) with the distance 
between the jaws set at 5.08 cm (2 in). The sample was clamped in the jaws so that 

15 the test area was centered between the upper and lower jaws and elongated in the 
lengthwise (or machine direction) until the jaws of the Instron tensile tester 
increased the gap by 5.08 cm (2 in), i.e., 100% elongation, at a crosshead speed of 
30.48 cm/min (12 in/min). The Instron tennle tester was stopped at this point and 
the test sample was held in tension for 2 minutes. After the 2-minute holding 

20 period, the tension was removed and the sample was allowed to relax for 2 minutes. 
Then the distance between the two lines was remeasured to give stretched length, 
L2. The Percent Recovery was determined by the following equation: 



% Recovery = 100 - ( (L2-Lnx 100^ 
25 LI 

The Percent Recovery was the average of 3 replicate samples unless otherwise 
noted. The desired percent recovery of the strip alone is from about 50% to about 
100%. The desired percent recovery of the composite tape is from about 50% to 
30 about 1 00%, preferably greater than 65%. 
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The Peak Load was determined by finding the maximum force value 
exhibited by a sample during an elongation of 100%. This value was obtained from 
a recording chart in pounds. This value was then converted to kilograms and 
divided by the width of the sample to give the Peak Load in kilograms/centimeters 
5 (kg/cm). The reported Peak Load was the average of 3 replicate samples unless 
otherwise noted. 
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T-PEEL STRENGTH 

Two samples of composite tape having the dimensions of 2.54 cm (1 in) x 
15.24 cm (6 in) were tested. Two tape samples were aligned on top of each other 
so that the joining Uyer of the first tape conucted the joining layer of the second 
tape. These tapes were then pressed together using two passes of a 2 kg. (4.5 lb) 
hard rubber roller, the roUer traveling in opposite directions for each pass at a rate 
of 30.5 cm/min (12 in/min). The test sample was allowed a 15 second dwell at 
room temperature. Two immediately adjacent free ends of the sample were clamped 
in the jaws of an Instron™ tensile tester and pulled apart at a crosshead speed of 
30.5 cm/min (12 in/min). The T-Pecl Strength value was reported as the average 
value over a 11.4 cm (4.5 in) length of test sample. Replicates were run and the 
average value reported in kilonewtons/mcter (kN/m). This test is an indication of 
how quickly and strongly a joining layer will bond to itself 

180" PEEL STRENGTH 

This test was run according to ASTM D-1000 except that the joining layer- 
bearing strip was applied to various rigid materials having different solubility 
parameters using a 2.kg (4.5 lb) hard rubber roUer, one pass in each direction at a 
rate of 30.5 cm/min (12 in/min). Testing was canied out after about 10 minutes 
dwell at ordinary room temperature. The peel rate was 30.5 cm/min (12 in/min). 

90- PEEL STRENGTH 

This test was run according to PSTC.5. Samples were prepared by applying 
the joining layer surfiu» of a tape comprising a nontacky, contact-responsive joining 
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layer on a polyester strip to various ripd substrates. The tape was applied to the 
rigid substrate using two passes of a 2-kg (4.S lb) hard-rubber roller, one pass in 
each direction at a rate of 30.5 cm/min (12 in/min). Samples were allowed to dwell 
for the specified time and temperature before being separated at a rate of 30.5 
5 cm/min ( 1 2 in/min). 

DYNAMIC SHEAR STRENGTH 

This test was used to determine the amount of shear force required to either 
cause two tapes having nontacky. contact-responsive polymer layers to release from 

10 each other. Although not done, this test could also have been used to determine the 
amount of shear force required to cause a strip having a nontacky, contact- 
responsive polymer layer and a target or second strip to release fi-om each other. A 
pair of 2.5 cm X 10 cm (1 in X 4 in ) strips were secured together with a 6.45 cm^ (1 
in^) overlap. The strips were pressed together using two passes of a 2-kg (4.S lb) 

IS hard-rubber roller, one pass in each direction at a rate of 30.5 cm/min (12 in/min). 
After at least a 15-second dwell at room temperature, one end of each strip was 
secured to a jaw of an Instron tensile tester, and the jaws were separated at a rate of 
30.5 cm/min (12 in/min). 

The following abbreviations represent commercially available materials used 
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in the examples: 




BOPP 


Biaxially oriented polypropylene 




BACK 


Butadiene-acrylonitrile polymer 




BACNl 


Butadiene*acrylonitrile-isoprene polymer 




CA 


Cellulose Acetate 


25 


MEK 


Methyl ethylketone 




PC 


Polycarbonate 




PE 


Polyethylene 




PET 


Poly(ethylene terephthalate) 




PMMA 


PoIy(methyl methaciylate) 


30 


PP 


Polypropylene 




PS 


Polystyrene 
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PVC PoIy(vinyI chloride) 

BACN-1* Nipol™ DN3335M, 33 wt. % aciylonitrile. Mooney viscosity range 

[30-40], containing about 1 wt. % antioxidant 
BACN-2* Nipol'** DN^OILL. 19 wt. % aciylonitrile. Mooney viscosity range 
5 [32-44] 

BACN-3* Nipol^DN-1031,41 wt. % aciylonitrile, Mooney viscosity range 
[55-70] 

BACN.4* Nipol^ DN-219, 33 wt. •/• aciylonitrile. Mooney viscosity range 
[25-40] 

10 B ACN-5* Nipol'^ DN-1032.45, 33 wt. % aciylonitrile. Mooney viscosity 
range [40-55] 

BACN-6* Nipol'^ DN-2835, 28 wt. •/• aciylonitrile, Mooney viscosity range 
[30-40] 

BACN-7* Nipol^ DN-3635, 36 wt. % aciylonitrile, Mooney viscosity range 
[30-40] 

BACN-8* Hycar~ 1022, (now known as Nipol^ 1022), 33 wt. % 

aciylonitrile, Mooney viscosity range [40-55] 

BACNI-l ♦ Nipol DN.1201L, 35 wt. % aciylonitrile. 65 wt •/• butadiene and 
isoprene, Mooney viscoaty range [40-52] 



IS 



Tm-l PTR Bostik imme nibber-based hotmelt adhesive from Bostik, 

Inc., Middleton, MA 

TIE-2 Bostik Adhesive S-l 133-57B (from Bostik, Inc., Middleton. MA), a 

solution of 65% by weight soUds nibber-based adhesive in a 1 : 1 
mbcture by weight of toluene and MEK 

♦ All these materials contain some level of antioxidant. 

Nipol is a trademark of Zeon Chemicals, and Hycar is a trademark of B.F.Goodrich. 

Enmple 1; Tfstiqg of Variom Materiah tA n^ t ennine R«>r^v^r«h;i{^ 

Various materials were tested according to the test methods outlined above 
for Peak Load and Percent Recoveiy. The strips are described and test results are 
presented in Table 1. 
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Suitable elastic polymeric materials for the invention are those that have percent 
recoveiyofat least 50. 

EXAMFIH: 2; Preniinition of « Tape bv Hot Melt routing Various Lftvera 
5 COATING OF THE NONTACKY, CONTACT-RESPONSIVE LAYER: 

A 2.54 cm (1 in) diameter x 30.5 cm (12 in) long rope of BACN-1 was fed 
into a 5. 1 cm (2 in) Bonnot extruder (commercially available from The Bonnot Co., 
Green, Ohio). The rope was heated in the extruder to 182*C (360T), and then 
pushed into a Zenith 20 cm' pump (commercially available from Parker Hannisin 
10 Corp., Sanford, NC). There were no screens between the extruder and the pump. 
The pump was turned to a setting of 30 RPM giving a power load of 2.5 amps. 
With a 30 RPM setting, the Bonnot extruder to pump pressure was 12,755 IcN/m' 
(1850 psi). From the pump, the material entered a 1.6 cm (0.625 in) I.D. hose also 
heated to 1 82X (360T). The hose length was 0.914 m (3 feet) and lead to a 1 5.2 
cm (6 in) coating die. The material passed through the coating die to provide a 
1 1 .4 cm (4.5 in) wide coating. The coating was laid down on the higher release 
side of a 15.2 cm (6 in) wide and 0.001 cm to 0.001 1 cm (.0004 to .00045 in) thick 
silicone treated paper liner (conmiercially available from Akrosil as Grade SBL 60 
SC SUox Gl W/G7C, Akrosil. Menasha. WI). The backing roU on which the 
coating took place was kept at 10°C (50«»F). The line speed was 2.7 m/min (9 feet 
per minute) to give a coating weight of 71.3 grams/m' (17 grains/24 in^). This 
material was wound up and used as input niaterial for coating of the tie layer. 

COATING OF TIE LAYER 

An 1 8.9 liter (5 gaUon) paU of TIE-l was mehed using a platen having a 
temperature of 204X (400T). The molten material was gear pumped using a 1 8.9 
liter (5 gallon) hot melt adhesive applicator (commercially available from 
Graco/LTI, MinneapoUs, MN) through a heated hose using a hose temperature of 
182''C (360^). The same coating die used for coating of the nontacky layer was 
used to coat the tie layer. The tacky PSA tie layer was coated against a back-up 
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was 



roU set at a temperature of 21»C (7(fF). From the die, the tacky PSA tie layer 
coated onto the nontacky. contact-responsive polymer joining layer prepared above 
to form a composite of tie layer, joining layer and liner. Strip 1 from Example 1 was 
laminated with its matte side to the tie layer to produce a laminate. This laminate 
5 was then fed through a closed nip having a tension of 275.77 kN/m^ (40 Ih/m^) to 
many the film, tie layer and polymer. The liner was removed and the laminate was 
then sUt to 1.27 cm (0.5 in) width and wound onto planetary rolls to produce a Upe 
of the invention. The tape was tested for Peak Load and Percent Recovery and 
compared to various commercially available tapes. Results are presemed in Table 2 
10 below. 
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EXAMPLE 3; Freparation of a T«n«> hy .S^fv^ n t Coittin^ V«rin„. i oy «^ 
COATING OF THE NONTACKY LAYER 

A 25% soUds content by weight solution of BACN-1 was prepared by 
adding chopped pieces having an approximate size of 10 cm x 2.5 cm x 2.5 cm (4 in 
X lin X 1 in), to methyl ethyl ketone (MEK) in a 1514 Uter (400 gal) stainless steel 
kettle with a Model x Jac-1001 Dghtning mixer (available from Stainless 
Fabrication. Inc., located in Springfield, MO) for about 48 hours to form a 
homogeneous solution. The homogeneous solution obtained above was then 
coated using a pressure-feed slot die at a wet tiiickness of 201 g/m^ (48 grains/24 
in^) onto the higher release side (G7C) of the same liner of Example 2 except that 
the liner was 33 cm (13 in) wide. A thrcc-zoned oven was used with zone 
temperature settings of 57.2«»C (135T0. 7rC (160T), and 143.3»C (290T) to 
remove the solvent from the coating. The coated Uner was passed through the oven 
at a speed of 3.66 meters (12 feet) per minute. The nontacky. contact-responsive 
polymer joining layer dry coating weight was 50.32 grams/m' (12 grains/24 in^). 
The nontacky contact-responsive polymer joinmg layer coated liner was then wound 
up for coating of the tie layer. 
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COATING OF TE LAYER 

TIE-2 was pressure fed into a slot die and coated onto the nontacky, 
contact-responsive polymer layer prepared above. The tie layer was coated to give 
a layer of solution having a wet thickness of 38.58 g/m^ (9.2 grains/24 sq. in). The 
5 tie layer-coated polymer was passed through a three zoned oven having temperature 
zones of 6(fC (140*T). 74-C (165«»F), and 177«C (350»F) to dry and remove 
residual solvent. The Tie-2 diy coating weight was 25. 1 6 g/m^ (6 grains/24 in'). 
Using the same general laminating procedure and strip 3 of Table 1, a laminate of 
strip material, tie layer, nontacky polymer layer, and liner was prepared using a nip 
10 tension of 55.2 kN/m* (8 Ib/ui'). The liner was removed and the laminate was sUt to 
1.25 cm (0.5 in) wide and wound onto a level wound roll to produce a tape of the 
invention. The tape was tested for Peak Load and Percent Recovery. Results are 
presented in Table 2 below. 

Two pieces of the tape were used to bundle asparagus using automated 
equipment and 4 rolls of tape. The machine stretched two pieces of tape around the 
tops and bottoms of each bundle and applied pressure to the tape ends to form two 
fin seals around each bundle. The bundled asparagus was boxed and shipped. One 
fin seal on each bundle was observed to have separated during shipment, possibly 
due to an inadequate bond area on one of the fin seals and/or the inability of the 
bond to withstand the remaining recovery forces of the tape. The tape of this 
example was also used to bundle green onions. Again, a machine stretched two 
pieces of the tape around each bundle and applied pressure to form two fin seals. 
As the bundled onions came off the machine, the bundles appeared to be held 
together tightly. The onions were boxed and shipped to a receiving center. After 
25 shipping, 2 1 .5% of the bundles remained secured. The bond failures occurred on 
one side and again were possibly due to an inadequate bond area and/or the inability 
of the adhesive bond to withstand the recovery forces of the tape. A heating gun 
was also used with the tape of this example to facilitate formation of the bonds. 
The use of heat improved the abUity of the tape to withstand the remaining recovery 
30 forces. 
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EXAMPLE 4: Prepunition of a Tape bv Solvent Coating Various Layers 

A tape of the invention was prepared according to the procedure of 
Example 3 except that Strip 2 of Example 1 was used as the strip material in place 
of the blue polyethylene film. The tape was tested for Peak Load and Percent 

5 Recovery. Results are presented in Table 2 below. The tape was also used to 
bundle green onions using automated equipment and four rolls of tape as in 
Example 3. As the bundled onions came off the machine, the bundles appeared to 
hold together tightly. The onions were boxed and shipped to a receiving center. 
After shipping, 88% of the bundles remained secured. Bond failures may have been 

10 due to insu£Bcient bond area and the inability of the bond to withstand the recovery 
forces of the tape. It is believed that optimization of the film recovery strength and 
strip peel strength could have eliminated these failures. 



Comparative Ex^mpl^ H 
15 Four commercially available tapes were tested for Peak Load and Percent 

Recovery for comparison to Examples 2-4. The results are given in Table 2. The 
tapes corresponding to comparative examples C-1, C-2, C-3, and C-4 are described 
in the footnotes which appear below Table 2. 
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Table 2 



10 



Example No. 


Peak Load ko/cm HbAinl 




2 


1.7r9.43> 


91.07 


3 


1.5 f 8.39) 


74.67 


4 


1.5 f8.5) 


67.45 


C-l' 


4.4(25.57) 


0.0 (sample broke) 


C-2^ 


2.0 01.2) 


47.11 


C-3' 


1.3 (7.52) 


64.83 


C.4* 


2.34 (13.09) 


92.39 



tesafilm'™4104, tesa. Inc., Charlotte, N.C., overaU thickness 
0.066mm (.0026 in) 

ScotchTM Brand Strctchable Tape No. 8886, Minnesota Mining and 
Manufacturing Co., St. Paul, MN, overall thickness 0.15 mm (0 006 
in) 

Scotch™ Brand Strctchable Tape No. 8884, KCnnesota Mining and 
Manufacturing Co., St. Paul, MN, overall thickness 0.10 mm (0 004 
in) 

Scotch™ Vinyl Plastic Electric Tape 33*, Mnnesota Mining and 
Manufacturing Co., St. Paul, MN, overall thickness 0.178 mm 
(0.007 in) 
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Results 

From the dau in Table 2, it appears that the tapes of Examples 2, 3, and 4 
provide acceptable peak load values whfle exhibiting percent recovery values 
greater than 65. Comparative C-1 provided a higher peak load value, however, 
this sample broke when an attempt was made to elongate the material according to 
the test procedure. As such, C-1 would not be suitable for the present invention. 
C-2 also failed to exhibit an acceptable percent recovery value. It is to be noted 
that although C-2 is described as being a "strctchable" tape, it did not exhibit a 
percent recovery greater than 50%. Thus, stretchability does not necessarily imply 
recoverabiiity or elasticity. 

The strip of C-3 provided peak load and percent recovery values that were 
comparable to those of Examples 2, 3, and 4. The vinyl tape of C-4 exhibited 
higher peak load and percent recovery values than the polyethylene strips of 
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Examples 2, 3, and 4, but is generally not approved by the FDA for applications 
involving contact with food. 

EXAMPLES 5 - 12; T-Prd Strength of Varin... T.ni^ 

Various nontacky, contact-responsive tapes were prepared using hot melt 
5 coating techniques and tested according to the T-Peel Strength test. The tapes 
were prepared by feeding 2.54 cm (1 in) wide x 15 cm (6 in) long strips of BACN 
polymer into a twin screw Haalce Rheocord extruder (commercially available from 
Haake, Inc., Saddld)rooK N.J. 07662). The extruder zone temperatures were 
149«C (SOOT), nrc (350T), and 182»C (360TF). From the extruder, the material 

10 entered a 0.9 1 m (3 feet) long hose having an inner diameter G-D.) of 1 . 6 cm (0.625 
in) and temperature of 182»C (360T). The temperature of the melted polymer in 
the hose was 126*C (258T0. The material was forced through a coating die set at 
182''C (360TF) and coated onto one side of 0.039 mm (0.00155 in) thick white 
polyester. The white polyester had a 0.051 mm (0.002 in) thick tacky PSA 

15 protected with a paper liner on the side opposite to the side upon which the BACN 
was coated. The backing roll on which the coating took place was set at 12*C 
(54*T). The line was pulled at a speed to give a coating wdght of 63 grams/m^ (1 5 
grains/24 in^) equivalent to 0.051-0.076 mm (0.002-0.003 in) in thickness. 

Test strips were prepared and tested according to the procedure described 

20 above for T-Peel Strength. The BACN polymer used and the T-Peel Strength 
values are reported in Table 3 below. All values are the average of two replicates 
unless otherwise indicated. 
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Table 3 



Example No. 


Polvmer 


T-PmI Strmcrth IrTsT/m /'IK/inX 


5 


BACN-2 


0 45Q Cy fiX\ 


6' 


BACNI-1 


0.478 (2.73) 


r 


BACN-3 


0.239 0.37) 




BACN-1 


0.366 (2.09) 


9 


fiACN-4 


0.386(2.21) 


10 


BACN-5 


0.305(1.74) 


11' 


BACN-6 


0.340(1.94) 


12 


BACN-7 


0.247(1.41) 



'average of 6 replicates 
'average of 4 replicates 
5 'single data point. 

This example demonstrates that different B ACN polymer materials provide 
different T-Peel Strength values when mated to itself Thus, by proper selection of 
a BACti, tapes having the desired T-Peel Strength values may be obtained. It is 
10 expected that the T-Peel Strength values reported above would significantly 
increase by increasing the 15 second dwell time used in performing the test. 

EXAMPLES 13-16; T-Peel and Pv mmlc Shear Strength of Tunes hflviny 

Different Strin M»t^.un}f 
15 Various tapes comprising nontacky, contact-responsive polymer layers were 

prepared and tested for T-Peel Strength and Dynamic Shear Strength. 

In Examples 1 3, 1 4, and 1 5, the B ACN polymer was hot melt coated 

according to the procedure of Examples 5-12 onto a strip of material. In Example 

16, the BACN polymer was coated onto the strip of material from a solvent 
10 solution using the procedure described in Example 3. Various composite strips 

were used for the T-Peel Strength test and for the Dynamic Shear Strength test and 

are outlined in Table 4 below. 
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Table 4 



Strip 
Materials 


Description 


A 


Same white polyester film described in Examples S-12 


B 


Comnosite Strio A reinforced with 0 046 mm fO 0018 
in) clear cellophane tape over the PSA 


C 


0.076 mm (0.003 in) thick clear PET 


D 


Composite Strip C reinforced by lamination to the PSA 
surface of Composite Strip A bearing a 0.5 1-0.076 mm 
(0.002-0.003 in) layer of BACN-4 coated on the side 
opposite the PSA 



The T*Peel Strength test procedure as outlined above was followed except 
that samples were tested after a room temperature dwell time of one hour. Two 
5 replicates were made instead of three and the results were averaged. The Dynamic 
Shear Strength test procedure as outlined above was followed without deviation, 
and two replicates were run and the results averaged. Average results are presented 
in Table 5, 

10 Table 5 



Ex. 
No. 


Polymer 


T-Peel 
Strength 
Stnp 


T-Peel 
Strength 
kN/mdb/in) 


Dynamic 
Shear Strength 
Strip 


Dynamic Shear 
Strength \^/vrr 


1^ 


bACN-4 


A 


1.05 M) 


B 


396 (if 5) stnp 
broke 


14 


BACK-i 


A 


6.515 (5.0) 


B 


350 (50.7) cohesive 
with adhesive 
transfer 


IS 


BACN-1 
hot melt 


C 


1.5i(8.7) 


D 


498 (72.25) clean 
release 


\6 


bACN-1 
solvent 


c 


2.79 (15.95) 


C 


429 (62.25) strip 
broke 



These data show that diflferent T*Peel Strength values may be obtained 
using different non-tacky, contact-responsive polymers. Examples 15 and 16 also 
show that higher T-Peel Strength values may be obtwned when the tape is made 
IS using solvent coating techniques as opposed to hot melt coating techniques. This 
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may be due to the tendency of the BACN polymers to crossUnk during hot melt 
processing. 

These data also show that strong bonds arc achieved with the present 
invention in the Dynamic Shear Mode. The strips of Examples 13 and 16 broke 
5 prior to polymer/polymer bond ftilure during the Dynamic Shear Strength test, 
despite the use of a reinforced strip, indicating the presence of a permanent bond. 
Example 14 also indicated the presence of a permanent bond by showing cohesive 
feilure during the Dynamic Shear Strength test. The Dynamic Shear Strength value 
for Examples 15 provides an indication as to the actual bond strength of these tapes 
10 since the strips did not M prior to conclusion of the test. 

EXAMPLE 17; .<SolT.hfH tv Pammrtor 

This example illustrates that the peel strength of a banding system can 
be controlled by proper selection of a suitable second or target strip to which a 
BACN nontocky contact-responsive polymer layer is attached. The example shows 
that by selecting a target or second strip having a particular solubility parameter, 
one is able to control the peel strength of the banding tape or system. 

BACN-8 was dissolved in MEK and then solvent-coated onto a 
0.025 mm (0.00098 in) thick corona treated polyester strip to give a nominal dry 
thickness of 0.017 mm (0.00067 in). The resulting samples were tested for ISO" 
Peel Strength using a variety of rigid materials having different solubility 
parameters. A lO-minutedweUtimewasused. Table 6 demonstrates the variation 
of 180» Peel Strength as a function of the solubiUty parameter of the smooth target 
material. Where avaUable. single point values were used instead of ranges. The 
solubility parameter of BACN-8 was not itself measured. However, the solubility 
parameter for a 70 wt. % butadiene. 30 wt. % acrylonitrile is in the range of 9.38- 
9.48 (cal/ml)"'. It was assumed that the solubiUty parameter for BACN-S would be 
essentially the same. 



15 
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Table 6 



Target 
Materia] 


Solubility Parameter (cal/ml)"' 


180° Peel Strength kN/m f\hrin\ 


PE 


7.9 


OfO) 

^ — )Lv^/ 


PP 


8.7* 


0 197 (I U\ 


PS 


9.1 


0 81 M 


PMMA 


9.2 


1.1489 (6.565) 


PVC 


9.5 


1.2583 f7.19) 


PC 


9.5 


1.2583 r7.19) 


PET 


10.7 


0.569 (3.25) 


EPOXY 


10.9 


0.3392 (1.938) 


CA 


13.4 


0.0547 (0.313) 


NYLON 


13.6 


0.0438 (0.25) 



This represents the mid-point of the range of solubility parameters found in the 
open literature. 

5 

Table 6 demonstrates that the 180" Peel Strength of a banding tape or 
system prepared from BACN can be varied by appropriate selection of a target strip 
having a parUcular solubility parameter. It is expected that similar results could be 
obtained using a BACNI nontacky. contact-responsive polymer layer. 



Example 1 8; Banding ^ yjf\^m 

A banding system comprising a first elastic strip and a second strip were 
prepared in this example. The first strip comprised the banding tape of Example 2. 
The second strip comprised a 0.0508 mm (0.002 in) thick polyester film, both 
surfaces of which were primed and one surfiicc of which was additionally vapor 
coated. The first strip had a width of 1.25 cm (0.5 in) and a length of 10. 16 cm (4 
in). The second strip had a width of 1.59 cm (0.625 in) and a length of 7.62 cm (3 
in). A bar code label was attached to the center portion of the second strip. The 
second strip was then attached to one end of the first strip to form a 1 .25 cm long 
(0.5 in) overiap, and pressure was appUed to create a bond therebetween. 

A hand-held bunch of about 20 pens was then presented to the banding 
system so that the bond was centered on the pens. The first strip was stretched and 



-38- 



wo 96/24535 



PCT/US95/15081 



wrapped around the bundle. The stretched strip was then contacted with the taught 
second strip to form a second overlapping bond which provided a complete 
enclosure around the pens. The overlapping bond configuration provided a shear 
nwKle application of the banding system, which is generally considered to be 
S stronger than peel mode implications. 

The banding system held the bunch of pens securely because the elastic strip 
recovered subsequent to stretching and the formation of the second bond, thereby 
exerting a compressive force on the bundle which caused the bundle to remain 
intact. The banding system also provided a bundle having a readable bar code label. 

10 The bar coding in this example was provided on a preprinted label. Alternatively, 
bar coding could be printed on the banding system prior to or after banding of the 
article. The bar coding may be printed on either strip as long as the dimensions and 
clarity of the bars are maintained. Thus, for example, it would be possible to print 
the bar coding on the elastic strip prior to stretching as long as the bar codes remain 

15 readable when the elastic strip recovers. 

Example 19: PSA Ei«gtig T^g f 

A tape comprising an elastic strip and a pressure sensitive adhesive was 
prepared in this example. The pressure sensitive adhesive comprised PTR 
20 Bostik™H/M9016. This adhesive is reported to comply with Sectionl75. 125 of 
Title 21 of the Code of Federal Regulations for food comact. The tape was 
prepared by hot mdt coating a 0.0508 mm (0.002 in) thick layer of adhesive omo 
the higher release side of the sUicone treated paper liner described in Example 2. 
Hot melt coating was accomplished using a heated platen unloader with a heated 
hose leading to a coating die using the same procedure given in Example 2 for 
coating the tie layer. 

An elastic film was then laminated to the adhesive surface to form a 
composite of elastic film. PSA and liner. The elastic film comprised Strip 4 of 
Example 1 The resulting tape was found to have a Peak Load of 1 .32 kg/cm (7.4 
lb/in) and a Percent Recoveiy of 70.1. The resulting tape was slit into 1.27cm(0.5 



25 
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in) rolls and used to bundle green onions. It was also used with automated 
equipment to bundle carrots and asparagus, and the bonds remained secure. 

Two 10. 16 cm (4 in) long strips of the tape were cut from a roll of the tape. 
The liner was partially removed from one end of each strips of tape, and the 
s exposed adhesive surfaces of each tape were contacted together to form a fin seal 
having a bond area 1.27 cm (0.5 in) wide and 1.27 cm (0.5 in) long. The liner of 
each tape was then completely removed, and the two free ends of each tape were 
stretched around a bundle of green onions. The adhesive-bearing ends of each tape 
were then contacted together while under tenuon to form a second fin seal. It was 

10 estimated that each tape was str^ched approximately 25% prior to formation of the 
second bond, and that upon formation of the second bond, each tape recovered 
15%. The elongation and recovery properties of the tape enabled it to securely hold 
the bundle of onions. These properties would also enable the tape to accommodate 
any changes in bundle diameter than may occur due to, for example, loss of 

IS moisture in the onions. 

Example 20; Banding System 

A banding system was prepared in tWs example. The banding system 
consisted of a first strip comprising the PSA tape of Example 19, and a second strip 
comprising a 0.0729 mm (0.00287 in) thick elastic polyethylene film bearing no 

20 adhesive (Example 1, Strip 4). The first strip was 1.27 cm (0.5 in) wide and 10.16 
cm (4 in) long. The second strip was 1.59 cm (0.625 in) wide and 10.16 cm (4 in) 
long. The liner of the first strip was partially removed to expose the PSA. The 
exposed PSA was contacted vath one end of the second strip with pressure to form 
a fin seal having a bond area 1.27 cm (0.5 in) wide and 1.27 cm (0.5 in) long. The 

25 liner of the first strip was then completely removed. The free ends of each strip 
were then stretched around a bundle of approximately 20 pens so that the adhesive 
of the first strip faced the bundled pens. The adhesive-bearing end of the first strip 
was then contacted with the free end of the second strip under pressure to form a 
second fin seal. It was estimated that each strip was stretched approximately 25% 

30 prior to formation of the second bond, and that upon formation of the second bond, 
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each strip recovered 15% leaving a remaining recovery force at a 10% elongation. 
The elongation and recoveiy properties of the system enabled it to securely hold the 
bundle of pens despite any shifting of the pens. The use of a second strip having no 
adhesive minimizes the amount of adhesive in contact with the bundled article, 
5 thereby nunimizing chances of contamination of the bundled article with adhesive 
residue. 

The banding system of this example may also comprise bar codmg. The bar 
coding may be applied directly to either strip prior to stretching provided the 
dimensions and clarity of the bars are maintained. 
10 gxample 21; Heat SmM E1«tir Str^p 

A banding system comprising two strips was used in this example to bundle 
articles using heat. The strips comprised 0.0729 mm (0.00287 in) thick blue elastic 
polyethylene fihn (Strip 4 of Example 1). Two strips approximately 1.59 cm (0.625 
in) wide and 12.7 cm (5 in) long were cut from the web in the machine direction. 
15 An Impulse Sealer, Type TISH-200, from TEW Electric Heating Equipment Co. 
LTD was used to heat-seal the bond. The two strips were overlapped and placed 
across the heating element. The sealing unit was a 3 1 0 Watt (Impulse), 1 1 0 Volt, 
50/60 Hz machine. The handle was held closed for approximately one second after 
the heater turned off! This sealing operation was repeated two to three times to 
form approximately a 0.405 cm' (0.0625 in') fin seal on one end. A second fin seal 
was then formed approximately 6.35 cm (2.5 in) from the first seal. 

Approximately 20 pens were inserted into the band that was formed. Since 
the film had elastic properties, the band stretched to encompass the bunch of pens 
actuig like a rubber band. The heat Rising of the film produced very strong, almost 
permanent bonds. 

This example demonstrates that a banding system having no joining layer 
may be used to bundle articles of varying diameter. This system could be readily 
adapted for use with automatic application equipment comprising a heat source. 
Although this example demonstrates the formation of fin seals, overlapping seals 
could easily have been made. As an additional comment, it is noted that the elastic 
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film of this example is believed to comply with regulations established by the Food 
and Drug Administration for materials that contact food, making this system 
especially useful for bundling certain types of foodstuffs. 

5 In this Example, the effixt of adding a tackifying resin to the BACN 

polymv layer is demonstrated. 

COATING OF THE NON-TACKY LAYER ONTO A STRIP 

Varying amounts of Escorez™ ECR 180, a tackifying resin commercially 
available from Exxon Chemical Americas, Houston, TX, were added to 25 wt. % 

10 solids content solutions of BACN-S in MEK. The mixtures were stirred until 
solutions were obtained. Samples were prepared by hand coating each of the 
solutions onto the primed side of a 0.038 mm (0.0015 in) thick primed PET strip 
material. The coated PET strip material was dried for about 15 minutes at about 
65T (149T) in a forced air oven to produce a coated strip having a non-tacky layer 

15 of about 0.05 mm (0.002 in) thick. 

Test strips were prepared and tested according to the procedure described 
above for T-Ped Strength except that the test strips were allowed to dwell at room 
temperature for 2 minutes before testing. Additionally, test strips were prepared 
using the strip material of Examples 5-12 (0.039 mm (0.00155 in) thick white PET) 
20 as the target strip. Dwell time before testing was 2 minutes. The amount of 

tackifying resin used and the T-Peel Strength values are reported in Table 7 below. 
AH values are the average of two replicates. 



Table 6 





T-Peel Strengl 


[h kN/m (lb/in) 


Amount of tackifier 
(parts per hundred parts of rubber) 


Polymer/Polymer 


Polymer/PET 


0 


0.44 (2.50) 


NT 


5 


0.96 (5.48) 


0.0315(0.18) 


10 


1.80(10.28) 


0.026 (0.15) 


20 


2.63 (15.03) 


0.035 (0.20) 
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10 



15 



20 



25 



Table 6 demonstrates that the T-Peel Strength can be improved by the 
addition of taclciiying agent for a system. The joining layer remained nontacky up 
to and including a tacldfier loading of 20% by weight. 
Umvlt 23; Bar Coded rj..riy 

Strip 6 from Example 1 was bar coded and stretched. The quality of the 
printing was evaluated in an unstretched and stretched condition. The bar code was 
printed using a Zebra Z130 thermal transfer printer (commercially available from 
Zebra Technologies Inc. located in Northbrook, E.), a bum setting of zero, and a 
Sato Standard wax ink ribbon (commercially available from Sato Corporation). A 
bar code having a width of 12.7 mm (0.5 in) and a length of 38.2 mm (1 50 in) was 
printed onto the strip in the machine direction. The bar coded portion was cut from 
the strip. One end was a£Sxed to a flat sur&ce using tape while the other end was 
stretched to a length of 49.0 mm (1 .93) to provide an approximate elongation of 
28.3%. The print quality was determined using a PSC Quick-Check 5 verifier 
(commercially avaUable from Photographic Sciences Corp. located in Webster, 
NY), a wand aperture of 6 mils, and a wavelength of 633 nanometers. The 
algorithms specified in ANSI X3.182.1990 were used by the verifier in determining 
print quality. 

The verifier provided a scoring of «A" for the bar code in the unstretched 
and stretched condition, this score being the best score attainable. This scoring 
indicates that the bar code could be read in either the unstretched or stretched 
condition. Thus, the elastic strip of the im^emion could be bar coded and read by 
scanners even after an elongation of 28.3%. It appears that the bar code remains 
readable upon elongation provided tiiat tiie bar code proportions are preserved. 
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We Claim 

1 . A banding system for securing one or more objects in compression, 
said system comprising; 

(a) a first strip of an elastic polymeric material, said 

5 material having at least a 50% recovery after being elongated 

to 100% of its original length and 

(b) a second strip of material, 

wherein said first and second strips are capable of being bonded together and 
fiirther wherein both of said strips do not comprise an elastic polymeric material 
10 bearing a layer of a noraially tacky pressure sen^tive adhesive thereon. 

2. A banding system according to Claim 1 , further comprising a joining 
layer on at least a portion of one of said strips. 

3. A banding system according to Claim 1, wherein at least one of said 
strips is capable of accepting indida. 

15 4, A method for securing one or more objects in compression, 

comprising the steps of: 

(a) providing the banding system of Claim 1 ; 

(b) collecting one or more objects together; 

(c) wrapping and stretching the banding system around the 
20 object(s) so that said elastic polymeric material is in a 

stretched condition; 

(d) securing said banding system while said elastic polymeric 
material is m a stretched condition; and 

(e) allowing said elastic polymeric material to at least partially 
25 recover and exert a compressive force on the object(s) which 

secures and holds the object(s) together. 
5. An elastic banding tape for securing one or more objects in 
compression, comprising: 

(a) a strip of elastic polymeric material having inner and 
30 outer surfaces and having at least a 50% recovery after 

being elongated to 100% of its original length; and 
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(b) a nontacky layer on at least a portion of one of said 
sur&ces. 

6. A method for securing one or more objects in compression, 
comprising the steps of: 

5 (a) providing the ctastic banding tape of Claim 5; 

(b) collecting one or more objects; 

(c) vnappmg and stretching said elastic banding tape around the 
bundle so that said elastic polymeric material is in the 
stretched condition; 

securing said elastic banding tape whUe said elastic polymeric 
materia] is in a stretched condition; and 

(c) allowing said elastic polymeric material to at least 
partially recover and exert a compressive force on the bundle 
which secures and holds the bundle together. 

15 

7. One or more objects held in place by a compressive force, 
comprising one or more of said objects and the banding system of Claim 1 securing 
said object(s) together. 

"ore objects held in place by compressive force, comprising: 
one or more of said objects and the elastic banding tape of Claim 5 securing said 
object(s) together into a bundle. 

9. An elastic banding tape for securing one or more objects in 
25 compression, comprising: 

(a) a strip of an elastic polymeric material having inner and outer 
surfaces and having at least a 50% recovery after bebg elongated to 100% 
of its original length and 

(b) a bar code printed on at least a portion of said surfaces of 
30 said strip. 
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